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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to digital 
nnodulating methods and digital modulating apparatus 
using the same, and particularly to a coding method in 
digital recording. 

Description ot the Background Art 

Coding in digital recording means to convert a data 
word sequence with bit intervals of Tb into a codeword 
sequence with bit intervals of Ts according to a certain 
rule (a coding rule). Also, coding in which a data word 
sequence is divided for each information of m bits (m ^ 
2) and sequentially converted into a codeword of n bits 
(n ^ m) is called block coding. The converted codeword 
sequence is further converted (modulated) into a re- 
cording pattern sequence (recording current form) ac- 
cording to the NRZL rule or the NRZl rule. 

Now, coding according to the NRZL rule will be de- 
scribed. In the NRZL rule, a bit "0" corresponds to a cer- 
tain level (e.g., a low level) and a bit "T" corresponds to 
another level (e.g., a high level) in a codeword se- 
quence. If a minimum value of the number of continuing 
same bits in a codeword sequence is expressed as a 
parameter d (corresponding to a minimal runlength) and 
a maximum value thereof is expressed as a parameter 
k (corresponding to a maximal runlength), a minimum 
length between transitions Tmin and a maximal length 
between transitions Tmax are expressed as the follow- 
ing expressions, respectively 

Tmin = (nn/n) . d . Tb (1) 

Tmax = (m/n) - k - Tb (2) 

Also, a ratio Tmin/Tb of the minimum length be- 
tween transitions Tmin and the bit inten/al Tb of a data 
word sequence is referred to as a Density Ratio DR, 
which is expressed as the following expression. 

DR = (m/n) • d (3) 

In digital modulation, it is preferred that the mini- 
mum length between transitions Tmin is long and the 
maximal length between transitions Tmax is short. Also, 
a larger density ratio DR is more advantageous in high 
density recording. The relation among a data word se- 
quence, a codeword sequence and a recording pattern 
sequence is shown in Fig. 15. 

Accumulated charge obtained by, assigning charge 
+1 to a high level of a recording pattern sequence and 
assigning charge -1 to a low level, sequentially adding 
charges from the beginning of a recording pattern se- 
quence is called DSV (Digital Sum Variation). That is to 
say, the DSV shows the difference between the num- 


bers of bits "1 " and bits "0" from the beginning to a cer- 
tain bit in a recording pattern sequence. In the block cod- 
ing, a total sum of charge in one codeword is called CDS 
(Code-word Digital Sum). That is to say. the CDS shows 
5 the difference between the numbers of bits "1" and bits 
"0" in one codeword. 

Digital modulating methods according to the block 
coding method include the 8-10 modulating method in . i 
which a 8-bit data word is converted into a 1 0-bit code- 
10 word and then NRZ-or NRZl -modulated and recorded, 
the 8-14 modulating method in which a 8-bit data word 
is converted into a 14-bit codeword, NRZ or NRZl mod- 
ulated and recorded, and so forth. 

In order to precisely trace recording tracks in repro- 
15 ducing, tracking control is performed such as ATP (Au- 
tomatic Track Finding), DTF (Dynamic Track Following) 
and so forth. It is necessary to record a pilot signal in 
each track of a recording medium for the tracking con- 
trol. As a method of recording such a pilot signal, there 
20 is a recording method in which a pilot signal is superim- 
posed upon digitally modulated data. This method, how- 
ever, has problems, for example, that a reproduced sig- 
nal is likely to undergo crosstalk disturbance due to a 
pilot signal in reproducing. 
25 Accordingly, the 8-1 0 modulating method, the 1 2-1 5 
modulating method and so forth are proposed in which 
control is performed so that DSV varies periodically in 
digital modulation and the periodical variation of DSV is 
used as a pilot signal. Such a 8-10 modulating method 
30 and a 12-15 modulating method are respectively de- 
scribed in "An Experimental Digital VCR with 40 mm 
Drum, Single Actuator and DCT-based Bit-rate Reduc- 
tion" by S.M.C Borgers et al., IEEE Transactions on 
Consumer Electronics, Vol. 34, No. 3, August 1988, pp. 
35 597-605, and in "A Study on the Sen/o Method for Home 
Use Digital VTR" by M. Nagasawa et al., Institute of Tel- 
evision Engineers of Japan (ITEJ) Technical Report Vol. 
1 4, No. 41 , VIR '90-43, Aug. 1 990, pp. 1 -6. In these mod- 
ulating methods, tracking control is enabled with varia- 
40 tion periods of DSV being different for each track. Ac- 
cording to such modulating methods, a reproduced sig- 
nal is prevented from undergoing crosstalk disturbance 
due to a pilot signal. 

In the above-described 8-10 modulating method 
4B and 12-15 modulating method, the minimum length be- 
tween transitions Tmin is 0.8Tb and the density ratio DR 
is 0.8. Thus, since the density ratio DR is smaller than 
1 , it is disadvantageous to high density recording. 

EP-A-0 104 700 discloses a digital modulating 
50 method for converting an 8-bit data word sequence into 
a 1 6-bit codeword sequence whose d.c. content vanes 
at a low frequency to provide an active tracking control. 
The method provides a minimum length between tran- 
sitions Tmin of 1 Tb and a recording density DR of 1 . 
55 EP-A-0 319 101 discloses a digital modulating 
method for converting an information signal into a multi- 
bit codeword sequence. In each codeword, the number 
of successive bits of a first logic value ("1") is at least 


2 


3 


EP 0 506 446 B1 


4 


equal to P and groups of at least P bits of the first logic 
value are separated by at least Q successive bits of a 
second logic value ("0"), wherein P Is an integer greater 
than or equal to 1 and Q is an integer greater than P. 
The number of bits of the first logic value is codeword- 
dependent. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
digital modulating method and a digital modulating ap- 
paratus with smaller crosstalk disturbance due to a pilot 
signal which Is advantageous to high density recording. 

A digital modulating method according to the 
present invention is defined by claim 1 . The sub-claims 
2 to 8 are directed to embodiments of the method. 

In the digital modulating method according to the 
present invention, since the number of identical bits 
which are continuous in a 15-btt codeword sequence is 
not less than 2 and not more than 8, n=15, m=8, d=2 
1^1 - S> \ t 3 and k=8 in the expressions (1 ) and (2). Accordingly, from 
i K ' 2 f expression (1 ). the minimum length between transi- 

tions Tmin is 1 .07Tb and the maximal length between 
transitions Tmax is 4.27Tb. Also, from the expression 
(3), the density ratio DR is 1.07. As described above, 
the density ratio DR is larger than 1 . 

Also, since one of a plurality of 15-bit codewords 
assigned to each 8-bit data word is selected so that DSV 
PS ^ at a last bit of each 15-bit codeword periodically varies, 

the periodical variation of DSV can be used as a pilot 
signal. Such a pilot signal does not give crosstalk dis- 
turbance to a reproduced signal in reproducing. 

A digital modulating apparatus according to the 
present invention is defined by claim 9. The sub-claims 
10 to 13 are directed to embodiments of the apparatus. 

In the digital modulating apparatus according to the 
present invention, a 8-bit data word sequence is con- 
verted into a 1 5-bit codeword sequence so that a density 
ratio DR is larger than 1 and DSV at a last bit of each 
1 5-bit codeword periodically changes. Accordingly, high 
density recording is enabled and also, the crosstalk dis- 
turbance due to a pilot signal can be avoided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a diagram illustrating a table of codewords 
sorted on the basis of initial two bits and CDS. 

Fig. 2 is a diagram illustrating an example of assign- 
ing sorted codewords to 8-bit data words of 0 through 
255. 

Fig. 3 is a diagram illustrating an example of assign- 
ing four codewords to each 8-bit data word. 

Fig. 4 is a diagram illustrating an example of assign- 
ing four codewords to each 8-bit data word. 

Fig. 5 is a diagram illustrating an example of assign- 
ing four codewords to each 8-bit data word. 

Fig. 6 is a diagram illustrating an example of assign- 
ing four codewords to each 8-bit data word. 


Fig. 7 is a diagram illustrating an example of assign- 
ing four codewords to each B-bit data word. 

Fig. 8 is a diagram illustrating an example of assign- 
ing four codewords to each 8-bit data word. 
5 Fig. 9 is a diagram illustrating an example of assign- 
ing four codewords to each 8-bit data word. 

Fig. 10 is a diagram illustrating an example of as- 
signing four codewords to each 8-bit data word. 

Fig. 11 is a diagram illustrating a modulation exam- 
10 pie using the digital modulating method according toone 
embodiment of the present invention. 

Fig. 12 is a diagram illustrating selection of code- 
words on the basis of control conditions. 

Fig. 13 is a block diagram of a modulating circuit 
IS using the digital modulating method according to one 
embodiment of the present invention. 

Fig. 14 is a diagram illustrating one example of 
tracking control with pilot signals of four frequencies. 

Fig. 1 5 is a diagram illustrating relation among a da- 
20 ta word, a codeword and a recording pattern. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

25 Referring to Figs. 1 through 12, a digital modulating 
method according to one embodiment of the present in- 
vention will be described. 

In the digital modulating method of this embodi- 
ment, a 1 5-bit codeword corresponding to each 8-bit da- 
30 ta word Is determined according to the following proce- 
. dures so that DSV at a final bit of each codeword peri- 
odically changes and also predetermined conditions are 
satisfied. 

First, codes which satisfy the following conditions 
35 (1 ) through (4) are selected as candidates of codewords 
in 215 of 15-bit codewords (hereinafter, simply referred 
to as a codeword). 

(1 ) The number of continuous identical bits at a be- 
40 ginning portion of a codeword is 7 or smaller. 

(2) The number of continuous identical bits at an 
ending portion of a codeword is 7 or smaller. 

(3) The number of continuous identical bits is not 
less than 2 and not more than 8 from a second bit 

45 to a fourteenth bit in a codeword. 

(4) An absolute value of CDS of a codeword is not 
more than 3. 

With the conditions (1) through (3), the number of 
50 continuous identical bits can be not less than 2 and not 
more than 8 in a codeword sequence. Since the number 
of continuous same bits is 2 or larger in a codeword se- 
quence, d=2 in expression (1 ). Accordingly, the mini- 
mum length between transitions Tmin is 1 .07Tb. Also, 
55 since the number of continuous identical bits is 8 or 
smaller in a codeword sequence, k=8 in expression (2). 
Accordingly, the maximal length between transitions 
Tmax is 4.27Tb. Also, from expression (3), the density 
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ratio DR is 1 .07. Although a shorter maximal length be- 
tween transitions Tmax is more preferable, a maximum 
value of the number of identical bits which are continu- 
ous in a codeword sequence is set to 8 to facilitate pro- 
duction of 256 kinds of codewords corresponding to 256 s 
of 8 -bit data words. 

Next, the candidates of codewords are respectively 
sorted into groups of codewords starting with "00", "01 ", 
"10" and "ir, and each group of codewords is further 
sorted into codewords of which CDS are equal to +3, 
+1,-1,-3, respectively. The numbers of codewords thus 
sorted are shown in Fig. 1 . 

For example, in the codewords beginning with "00", 
the number of codewords having CDS of +3, +1 , -1 , -3 
are 54, 95, 120, 115, respectively. '5 

Furthermore, for codewords respectively starting 
with "00^ "01", "10", "11". first code pairs (+3, -1) are 
produced including codewords with CDS of +3 and 
codewords with CDS of -1 and second code pairs (+1, 
-3) are produced including codewords with CDS of +1 
and codewords of CDS of -3. 

One of the plurality of first code pairs (+3. -1) and 
one of the second code pairs (+1 , -3) are assigned to 
each of 8-bit data words of 0 through 255. As described 
above, four codewords are assigned to each of the 8-bit 
data words.'The number of code pairs sorted on the ba- 
sis of initial two bits and the number of codeword pairs 
assigned to 8-bit data words are shown in Fig. 2. 

For example, the number of first code pairs (+3, -1 ) 
including codewords beginning with "00" is 54, and 53 30 
of the first code pairs (+3, -1 ) are assigned to 8-bit data 
words of 0 through 52. An example of assigning four 
codewords to each of 8-bit data words is shown in Figs. 
3 through 10. 

Now, combining conditions among codewords will 35 
be described. If codewords are selected according to 
the combining conditions (A) through (D) shown below, 
the number of continuing identical bits at combining por- 
tions among codewords can be not less than 2 and not 
more than 8. 

(A) When last 2 bits of a preceding codeword are 
"00". a codeword starting with "11" or "01 " is select- 
ed. 

(B) When last 2 bits of a preceding codeword are 
"01", a codeword beginning with "11" or "10" is se- 
lected. 

(C) When last 2 bits of a preceding codeword are 
"10", a codeword beginning with "00° or "01 " is se- 
lected. 

(D) When last 2 bits of a preceding codeword are 
"11", a codeword beginning with "00" or "10" is se- 
lected. 

As seen from Fig. 2, regardless of the previous 55 
ccodeword, a code pair which satisfies the above-identi- 
sfied combining conditions (A) through (D) can be pre- 
pared for each 8-bit data word. 


For example, let us consider selection of codewords 
for 8-bit data words of 0 through 52. When last two bits 
of the previous codeword are "00" or "01", a second 
code pair (+1 , -3) including codewords beginning with 
"11" can be selected. This satisfies the combining con- 
ditions (A) and (B). When final two bits of the previous 
codeword are "10" or "11", a first code pair (+3, -1) in- 
cluding codewords beginning with "00" can be selected. 
This satisfies the combining conditions (C) and (D). 

According to the following control conditions (a), (b), 
a control value CD of DSV at the last bit of each code- 
word and a real value RD of DSV at the last bit of each 
codeword are determined. A control value of DSV at the 
last bit of each codeword is referred to as a control value 
of DSV and a real value of DSV at the last bit of each 
codeword is referred to as a real value of DSV, herein- 
after. A control value CD of DSV means a target value 
of DSV which periodically changes. 

(a) A difference between the current control value 
CD„ of DSV and the next control value CD^^i of 
DSV is set to either one of -1 , 0, +1 . 

If CD^ - CD^^i is set to -1, a control value CD 
of DSV changes in a positive direction, and if it is 
set to +1 , a control value CD of DSV changes in the 
negative direction, and if it is set to 0, a control value 
CD of DSV maintains a constant value. From the 
control condition (a), the following expression 
holds. 

-1 SCD„-CD„,, S 1 (4) 

Control values CD of DSV are set as shown in 
Fig. 11, for example. 

(b) A difference between a present real value RD^ 
of DSV and a present control value CD^ of DSV is 
set to a value not less than -1 and not more than 
+2. Accordingly, the expression below holds. 


-1 ^ RD„ - CD^ 


(5) 


On the basis of the control conditions (a) and (b), 
as shown in Fig. 1 2, one of codewords included in the 
first code pair (+3, -1) or one of codewords included in 
the second code pair (+1 , -3) is selected as the next real 
value RDn+1 of DSV in a one-to-one manner. This will 
be described below. 


A = CD„-CD„,, 

B=RD„-CD„ 
Then, the expression below holds. 


A + B = RD„ - CD 


n+1 


(6) 


(7) 


(8) 


The expression below holds from expression (5). 


RD„ 


CD„ 


(9) 


The expression below holds from expressions (8) 
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and (9). 

- 1 - (A + B) g RD„^, - RD^ ^ 2 - (A + B) 

(10) 

RD^^T - RDn is equal to CDS of the next codeword. 

On the other hand, fronn expressions (4) and (5), 
the following expression holds. 

-2< A + B(=RD^-CD„^,)S3 (11) 

Accordingly, A + B takes a value of 3 through -2. 

When A + B = 3, from expression (10), -4 ^ CDS 
^ -1 holds. Accordingly, a codeword with CDS equal to 
-1 or -3 is selected. 

If A + B = 2, fronn expression (10). -3 ^ CDS ^ 0 
holds. Accordingly, a codeword with CDS equal to -1 or 
-3 Is selected. 

If A + B = 1, from expression (10). -2 ^ CDS ^ 1 
holds. Accordingly, a codeword having CDS equal to +1 
or -1 is selected. 

If A + B = 0, fronn expression (10), -1 ^ CDS < 2 
holds. Accordingly, a codeword having CDS of +1- or -1 
is selected. 

If A + B = -1, from expression (10), 0 ^ CDS ^ 3 
holds. Accordingly, a codeword with CDS of +1 or +3 Is 
selected. 

If A + B = -2, from expression (10), 1 ^ CDS ^ 4 
holds. Accordingly, a codeword with CDS equal to +3 or 
+1 is selected. 

In summary, if A + B is 3 or 2, a codeword with CDS 
of -1 or -3 Is selected. If A + B Is equal to 1 or 0, a code- 
word having CDS equal to +1 or -1 is selected. If A + B 
is -1 or -2, a codeword with CDS equal to +3 or +1 is 
selected. 

As described above, a real value RD of DSV varies 
inside a zone which changes periodically as shown by 
a broken line In Fig. 11 . Accordingly, tracking control can 
be applied by using the DSV as a pilot signal. 

Fig. 1 3 is a block diagram of a 8-1 5 modulating cir- 
cuit using the digital modulating method of this embod- 
iment. 

A DSV control value output unit 1 controls amplitude 
and frequency of a pilot signal by controlling DSV. DSV 
control value output unit 1 provides a vector signal (CD„ 
- CDn^-, ) for DSV control as an output. The vector signal 
indicates either one of "-1 ", "0", "+1 " by the DSV control 
condition (a). When the vector signal indicates "-1", a 
DSV control value CD changes in a positive direction, 
when it indicates "+1 ", it changes In a negative direction, 
and If it indicates "O'V It maintains a constant value (refer 
to Fig. 11). 

An adder 2 obtains a sum of values applied to three 
input terminals a, b, c and provides the sum as an output 
from an output terminal. A difference between a current 
real value RD^ of DSV and a current control value CD„ 
of DSV, (RDn-CDn), is applied to input terminal a and a 
vector signal (CD^ - CD^^i) for DSV control Is applied 


to input terminal b. A value (RDp.^ - RD^) of CDS of a 
codeword selected by a 8-1 5 converting unit 6 which will 
be described later is applied to Input terminal c. Accord- 
ingly, a sum thereof (RDp^i - CD^^t) is provided as an 

5 output from the output terminal of adder 2. The sum at- 
tains "-1" through "+2" (refer to expression (9)). An out- 
put of adder 2 is latched In a latch circuit 3. An output of 
latch circuit 3 indicates a difference (RD^, - CD^) be- 
tween a current real value RD^, of DSV and a current 

10 control value CD^ of DSV. 

A sum of values provided to two input terminals a, 
b Is found by adder 4, which is outputted from an output 
terminal. A vector signal (CD^ - CD^^i) for DSV control 
is applied to Input terminal a and an output (RD^ - CD^) 

IS of latch circuit 3 Is applied to input terminal b. Accord- 
ingly, a sum (RDp - CDp^^) of those values Is outputted 
from the output terminal of adder 4. The sum is "-2" 
through "+3" from control conditions of DSV (refer to ex- 
pression (11)). 

20 A comparator 5 provides a control signal a to 8-1 5 
converting unit 6 when an output of adder 4 is "+3" or 
"+2", provides a control signal b to 8-15 converting unit 
6 when an output thereof Is "+1 " or "0", and provides a 
control signal c to 8-1 5 converting unit 6 when an output 

25 thereof is "-1 " or •*-2". Latch circuit 7 temporarily stores 
last two bits of a codeword. 

8-15 converting unit 6 receives a 8-bit data word 
and provides a codeword as an output. That is, 8-15 
converting unit 6 selects one of codewords on the basis 

30 of an inputted 8-bit data word, a control signal from com- 
parator 5 and last two bits of the previous codeword 
stored in latch circuit 7 and provides the same as an 
output. 8-15 converting unit 6 selects a codeword with 
CDS of -1 or -3 when a control signal is "a", selects a 

35 codeword with CDS of +1 or -1 when a control signal is 
"b", and selects a codeword with CDS of +3 or +^ when 
a control signal Is "c". Simultaneously, 8-15 converting 
unit 6 applies the last two bits of a codeword to latch 
circuit 7 and also provides a value (RD^+i - RD^^) of CDS 

40 of that codeword to adder 2. 

A codeword (parallel data) outputted from 8-15 con- 
verting unit 6 is converted into 15-blt serial data (15-bit 
serial modulation signal) by a P-S (Parallel - Serial) con- 
verting unit 8. 

45 For example, in Fig. 11, if RD^ - CD„ = 0, CD^ - 
ODn^■^ ~ -1 . then A + B = RD^ - CD^^i = -1 . Accordingly, 
a control signal is "c". Therefore, a codeword with CDS 
equal to +3 or +1 is selected. When a first code pair (+3, 
-1 ) is selected, a codeword with CDS of +3 is selected, 

50 and when a second code pair (+1, -3) Is selected, a 
codeword of CDS of +1 Is selected. As in the example 
shown In Fig. 11, when a first code pair (+3, -1) is se- 
lected on the basis of an inputted 8-bit data word and 
the iast two bits of the previous codeword, a codeword 

55 with CDS equal to +3 is selected. Thus, RD^^^ - RD^ = 
+3. As a result, RDp^^ - CD^^-, = +2. 

As described above, a pilot signal necessary for the 
ATF method or the DTF method is obtained. 
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Next, an example of tracking control using the dig- 
ital nnodulating method of this embodiment will be de- 
scribed. 

For example, let a recording rate be SOMbps (bit per 
second). In this digital modulating method, DSV control 
is performed in 8-bit units, so that a reference frequency 
^word 30MHz / 8 = 3.75MHz. The reference frequency 
^word frequency-divided as described below. 

U =fword/28 = 133.9KHZ 
f2 = *word^32= 117.2KHZ 
f3 = *word/46 = 81. 5KHZ 
U = ^word / 38 = 98. 7KHz 

Codewords are determined so that values of DSV 
at the last bits of codewords change at these frequen- 
cies fi - f4. The DSVs which vary at frequencies f^ - 1^ 
are used as pilot signals of four frequencies. That is, one 
period includes 28 codewords in a pilot signal of fre- 
quency fi, one period includes 32 codewords in a pilot 
signal of frequency f2. one period includes 46 code- 
words in a pilot signal of frequency f3, and one period 
includes 38 codewords in a pilot signal of frequency i^. 

Control values CD of DSV are sequentially provided 
as outputs from DSV control value output unit 1 of Fig. 
13 so that frequencies of pilot signals differ for each 
track. 15-bit serial data outputted from P-S converting 
unit 8 is recorded in tracks T1 - T4 shown in Fig. 1 4. Pilot 
signals with frequencies which are different for each 
track are thus recorded. 

When reproducing, a pilot signal recorded in each 
of respective tracks T1 - T4 is reproduced, and a fre- 
quency of that pilot signal and a reference signal with 
the same frequency are multiplied. If the frequency of 
the pilot signal differs from the frequency of the refer- 
ence signal, beat occurs corresponding to the difference 
of frequency. The frequency of the difference is extract- 
ed by a band-pass filter or the like and tracking informa- 
tion is obtained. 

The digital modulating method of this embodiment 
can also be applied to tracking control methods with pilot 
signals of one frequency, two frequencies or other num- 
bers of frequencies, as well as pilot signals of four fre- 
quencies. 

As described above, according to the present in- 
vention, the number of identical bits which are continu- 
ous in a 15-bit codeword sequence is not less than 2 
and not more than 8, and DSV at a last bit of each 1 5-bit 
codeword periodically varies. Accordingly, the density 
ratio increases and the periodical variation of DSV can 
be used as a pilot signal. As a result, high density re- 
cording is enabled and tracking control is also enabled 
in which a reproduced signal does not suffer from cross- 
talk disturbance'due to a pilot signal. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the scope of the 


present invention being defined by the terms of the ap- 
pended claims. 

5 Claims 

1. A digital modulating method for converting an 8-bit 
data word sequence into a 15-bit codeword se- 
quence, comprising the steps of: 

10 

assigning a plurality of 15-bit codewords to 
each 8-bit data word so that the number of con- 
tinuous identical bits is not less than 2 and not 
more than 8 in the 15-bit codeword sequence; 
IS and 

selecting one of the plurality of 15-bit code- 
words assigned to each 8 -bit data word so that 
Digital Sum Variation at a last bit of each 1 5-bit 
codeword periodically changes, wherein; 
20 said assigning step comprises producing a plu- 

rality of first code pairs each including a 15-bit 
codeword with Code-word Digital Sum of +3 
and a 1 5-bit codeword with Code-word Digital 
Sum of -1 and a plurality of second code pairs 
25 each including a 15-bit codeword with Code- 

word Digital Sum of +1 and a 15-bit codeword 
with Code-word Digital Sum of -3, assigning 
one of said plurality of first code pairs and one 
of said plurality of second code pairs to each 
30 8-bit data word, and selecting one of the first 

and second code pairs assigned to each 8-bit 
data word so that the number of continuous 
identical bits is not less than 2 and not more 
than 8 in the 15-bit codeword sequence; and 
35 said selecting step comprises selecting one of 

two 1 5-bit codewords included in the selected 
code pair so that Digital Sum Variation at a last 
bit of each 15-bit codeword periodically varies. 

40 2. The digital modulating method according to claim 
1 , wherein said producing step comprises: 

selecting 15-bit codewords as candidates out 
of 15-bit codewords, which satisfy conditions: 
45 (1 ) the number of continuous identical bits is not 

more than 7 at a beginning portion of a 15-bit 
codeword, (2) the number of continuous identi- 
cal bits is not more than 7 at an ending portion 
of a 15-bit codeword, (3) the number of contin- 
ue uous identical bits from a second bit to a four- 
teenth bit of a 15-bit codeword is not less than 
2 and not more than 8, and (4) an absolute val- 
ue of Code-word Digital Sum of a 15-bit code- 
word is not more than 3; 
55 sorting the selected 15-bit codewords as can- 
didates into a group including 1 5-bit codewords 
beginning with 00, a group including 15-bit 
codewords beginning with 01 , a group including 
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15-bit codewords beginning with 10 and a 
group including 15-bit codewords beginning 
with 11; 

sorting 15-bit codewords included in each 
group into 15-bit codewords with Code-word 
Digital Sunn of +3, 1 5-bit codewords with Code- 
word Digital Sum of +1, 15-bit codewords with 
Code-word Digital Sunn of -1 and 15-bit code- 
words with Code-word Digital Sunn of -3; and 
producing first code pairs each including a 
1 5-bit codeword with Code-word Digital Sum of 
-1-3 and a 1 5-bit codeword with Code-word Dig- 
ital Sum of -1 and producing second code pairs 
each including a 15-bit codeword with Code- 
word Digital Sum of +1 and a 15-bit codeword 
with Code-word Digital Sum of -3 in each of the 
group of 15-bit codewords beginning with 00, 
the group of 15-bit codewords beginning with 
01, the group of 15-bit codewords beginning 
with 10 and the group of 15-bit codewords be- 
ginning with 11 . 

3. The digital modulating method according to claim 
2, wherein said step of selecting one of said first 
and second code pairs comprises: (A) selecting a 
15-bit codeword beginning with 11 or 01 when last 
two bits of a preceding 15-bit codeword are 00, (B) 
selecting a 15-bit codeword beginning with 11 or 10 
when last two bits of a preceding 1 5-bit codeword 
are 01, (C) selecting a 15-bit codeword beginning 
with 00 or 01 when last two bits of a preceding 1 5-bit 
codeword are 10, and (D) selecting a 15-bit code- 
word beginning with 00 or 10 when last two bits of 
a preceding 15-bit codeword are 11 . 

4. The digital modulating method according to claim 
1 , wherein said step of selecting one of said two 
15-bit codewords comprises : 

determining a control value of Digital Sum 
Variation at a last bit of each 1 5-bit codeword and 
a real value of Digital Sum Variation at a last bit of 
each 15-bit codeword and selecting one of two 
1 5-bit codewords included in the selected code pair 
on the basis of said determined Digital Sum Varia- 
tion control value and the Digital Sum Variation real 
value; 

wherein said Digital Sum Variation control val- 
ue represents a target value of Digital Sum Variation 
which periodically varies. 

5. The digital modulating method according to claim 
4, wherein said determining step comprises setting 
a difference between a control value ot Digital Sum 
Variation at a last bit of a current 15-bit codeword 
and a control value of Digital Sum Variation at a last 
bit of a next 15-bit codeword to one of predeter- 
mined values and setting a difference between a re- 
al value of Digital Sum Variation at a last bit of a 
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current 1 5-bit codeword and a control value at a last 
bit of a current 15-bit codeword within a predeter- 
mined range. 

5 6. The digital modulating method according to claim 
5, wherein said step of selecting one of two 15-bit 
codewords comprises selecting one of said two 
1 5-bit codewords so that a difference between a re- 
al value of Digital Sum Variation at a last bit ot a 

10 current 1 5-bit codeword and a control value of Dig- 
ital Sum Variation at a last bit of a next 15-bit code- 
word is within a predetermined range. 

7. The digital modulating method according to claim 
ts 5, wherein said predetermined value includes -1 , 0 

and +1, and said predetermined range is not less 
than -1 and not more than 2. 

8. The digital modulating method according to claim 
20 6, wherein said predetermined range is not less 

than -2 and not more than +3. 

9. A digital modulating apparatus for converting an 
8-bit data word sequence into a 1 5-bit codeword se- 

25 quence, comprising: 

control means (1 ) for generating a control sig- 
nal for periodically changing Digital Sum \^ria- 
tion at a last bit of each 15-bit codeword; and 
30 converting means (2 - 7) for sequentially con- 

verting each 8-bit data word into a 15-bit code- 
word so that the number of continuous identical 
bits is not less than 2 and not more than 8 in a 
15-bit codeword sequence in response to a 
35 control signal from said control means (1 ); 

wherein said converting means (2 - 7) produces 
a plurality of first code pairs each including a 
1 5-bit codeword with Code -word Digital Sum of 
+3 and a 1 5-bit codeword with Code-word Dig- 
40 ital Sum of -1 and a plurality of second code 

pairs each including a 15-bit codeword with 
Code-word Digital Sum of +1 and a 1 5-bit code- 
word with Code-word Digital Sum of -3, assigns 
one of said plurality of first code pairs and one 
45 of said plurality of second code pairs to each 

8-bit data word, selects one of the first and sec- 
ond code pairs assigned to each 8-bit data word 
so that the number of continuous identical bits 
is not less than 2 and not more than 8 in a 1 5-bit 
50 codeword sequence, and selects one ot two 

1 5-bit codewords included in the selected code 
pair so that Digital Sum \/feriation at a last bit of 
each 1 5-bit codeword periodically varies. 

55 10. The digital modulating apparatus according to claim 
9, wherein: 

said control signal represents a difference be- 
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tween a control value of Digital Sum Variation said 8-15 converting means (6) selects a 15-bit 
at a last bit of a current 15-bit codeword and a codeword with Code-word Digital Sum of -1 or 
control value of Digital Sum Variation at a last -3 in response to said first selection signal, se- 
bit of a next 15-btt codeword, and said control lects a 15-bit codeword with Code-word Digital 
value of Digital Sum Variation represents a tar- s Sum of +1 or -1 in response to said second con- 
get value of Digital Sum Variation which period- trol signal, and selects a 1 5-btt codeword with 
ically changes; and Code-word Digital Sum of +3 or +1 in response 
said converting means (2 - 7) converts each to said third control signal. 
8-bit data word into a 15-bit codeword on the 

basis of a difference between a control value of io 1 3. The digital modulating apparatus according to claim 
Digital Sum Variation at a last bit of a current 11, further comprising parallel/serial converting 
15-bit codeword and a control value of Digital means (8) for converting a 15-bit codeword output- 
Sum Variation at a last bit of 15-bit codeword ted from said 8-1 5 converting means (6) into a 15-bit 
and a real value of Digital Sum Variation at a serial modulated signal, 
last bit of a current 15-bit codeword. 


1 1 . The digital modulating apparatus according to claim 

10, wherein said converting means comprises: 

first adding means (2); 20 
first holding means (3) for temporarily holding 
an output of said first adding means (2); 
second adding means (4); 
signal generating means (5) for generating a 
selection signal in response to an output of said 25 
second adding means (4); 
8-15 converting means (6); 
output means (6) for outputting a difference be- 
tween a real value of Digital Sum Variation at a 
last bit of a next 1 5-bit codeword and a real val- 30 
ue of Digital Sum Variation at a last bit of a cur- 
rent 15-bit codeword; and 
second holing means (7) for temporarily hold- 
ing last two bits of a 15-bit codeword, wherein: 
said first adding means (2) adds an output of 35 
said control means (1), an output of said first 
holding means (3) and an output of said output 
means (6); 

said second adding means (4) adds an output 
of said control means (1 ) and an output of said 40 
first holding means (3); and 
said 8-15 converting means (6) selects and out- 
puts one of said 15-bit codewords on the basis 
of an inputted 8-bit data word, said selection 
signal and an output of said second holding 45 
means (7). 

1 2. The digital modulating apparatus according to claim 

11 , wherein: 

so 

said signal generating means (5) generates a 
first control signal when an output of said sec- 
ond adding means (4) is a first value, generates 
a second control signal when an output of said 
second adding means (4) is a second value, 55 
and generates a third control signal when an 
output of said second adding means (4) is a 
third value; and 


Patentanspruche 

1. Verfahren zur digitalen Modulation zum Umsetzen 
einer8-Bit-Datenwortfolge in eine 15-Bit-Codewort- 
folge, mit den folgenden Schritten: 

Zuordnen mehrerer 15-Bit-Codew6rter zu je- 
dem 8-Bit-Datenwort in solcher Weise, da3 die 
Anzahl aufeinanderfolgender identischer Bits 
in der 15-Bit-Codewortfolge nicht Kleiner als 2 
und nicht groBer als 8 ist; und 
Auswahlen eines der mehreren jedem 8-Bit- 
Datenwort zugeordneten 15-B it-Cod eworter in 
solcher Weise, da3 sich der Wert der digitalen 
Summenanderung am letzten Bit jedes 15-Bit- 
Codeworts periodisch andert, wobei: 
der Zuordnungsschritt folgendes umfafBt: Er- 
zeugen mehrerer erster Codepaare, von denen 
jedes ein 1 5-Bit-Codewort mit einer Codewort- 
Digitalsumme +3 und ein 1 5-Bit-Codewort mit 
einer Codewort-Digitalsumme -1 enthalt, und 
mehrerer zweiter Codepaare, von denen jedes 
ein 1 5-Bit -Code wort mit einer Codewort-Digi- 
talsumme +1 und ein 15-Bit-Codewort mit einer 
Codewort-Digitalsumme -3 enthatt, Zuordnen 
eines der mehreren ersten Codepaare und ei- 
nes der mehreren zweiten Codepaare zu je- 
dem 8-Bit-Datenwort, und Auswahlen des er- 
sten Oder zweiten Codepaars, wie sie jedem 
8-Bit-Datenwort zugeordnet sind, in solcher 
Weise, da8 die Anzahl aufeinanderfolgender 
identischer Bits innerhalb der 1 5-Bit-Codewort- 
folge nicht Kleiner als 2 und nicht grower als 8 
ist; und 

der Auswahlschritt das Auswahlen eines von 
zwei 1 5-Bit-Codew6rtern umfaBt, die im ausge- 
wahlten Codepaar enthalten sind, in solcher 
Weise, da6 sich der Wert der digitalen Sum- 
menanderung am letzten Bit jedes 15-Bit-Co- 
deworts periodisch andert. 

2. Verfahren zur digitalen Modulation nach Anspruch 
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1. bei dem der Erzeugungsschritt folgendes um- 
faBt: 

Auswahlen von 15-Bit-Codew6rtern als Kandi- 
daten aus 15-Bit-Codew6rtern, die die tolgen- s 
den Bedingungen eriullen: (1) die Anzahl auf- 
einanderfolgender identischer Bits ist inn An- 
fangsabsclnnitt eines 15-Bit-Codeworts nicht 
groBerals 7, (2) die Anzahl aufeinanderfolgen- 
der identischer Bits ist Inn Endabschnitl eines io 
1 5-Bit-Codeworts nicht groBer als 7, (3) die An- 
zahl aufeinanderfolgender identischer Bits ist 
ab dem zweiten Bit bis zum vierzehnten Bit ei- 
nes 1 5-Blt-Codeworts nicht klelner als 2 und 
nicht groBer als 8 und (4) der Absolutwert der ?5 
Codewort-Digltalsumnne eines 15-Blt-Code- 
worts ist nicht groBer als 3; 
Sortleren de r ausgewahlten 1 5-Blt-Codew6rter 
als Kandidaten in eine Gruppe von mit 00 be- 
glnnenden 15-Bit-Codew6rtern; eIne Gruppe 20 
von mIt 01 beglnnenden 15-Bit-Godew6rtern, 
eine Gruppe von mIt 10 beginnenden 15-Bit- 
Codewortern und eine Gruppe von nnit 11 be- 
glnnenden Codewortern; 

Sortleren der 1 5-Bit -Godeworler in jeder Grup- 2S 
pe in 15-Bit-Codew6rter mIt der Codewort-Di- 
gitalsumme -i-3, 15-Bit-.Codew6rter mit der Co- 
dewort-Dlgltalsumme +1, 15-Bit-Codew6rter 
mIt der Godewort-Dlgitalsumme -1 und 15-Bit- 
Codeworter mit der Codewort-Dlgitalsumme 30 
-3; und 

Erzeugen erster Codepaare, von denen jedes 
ein 15-Bit-Codewort mil der Godewort-Digltai- 
summe +3 und ein 1 5-Blt-Codewort mit der Co- 
dewort-Digitalsumme -1 enthalt, und Erzeugen 35 
zweiter Codepaare, von denen jedes ein 
15-Bit-Codewort mit der Codewort-Digitalsum- 
me +1 und ein 15-Bit-Codewort mit der Code- 
wort-Dlgitalsumme -3 enthalt, und zwar In jeder 
der folgenden Gruppen: der Gruppe von mit 00 40 
beglnnenden 15-Blt-Codew6rtern. der Gruppe 
von mit 01 beginnenden 15- Bit -Codewortern, 
der Gruppe von mit 1 0 beginnenden 1 5-Bit-Co- 
dewortern und der Gruppe von mit 11 begln- 
nenden 15-Bit-Codew6rtern. ^5 

3. Verfahren zur digitalen Modulation nach Anspruch 

2, bel dem der Schritt des Auswahlens des ersten 
Oder zweiten Codepaars folgendes umtaBt: (A) 
Auswahlen eines mit 11 Oder 01 beglnnenden so 
1 5-Blt-Codeworts, wenn die letzten zwei Bits des 
vorangehenden 15-Bit-Codeworts 00 sind, (B) Aus- 
wahlen eines mit 11 oder 10 beginnenden 15-Bit- 
Codeworts, wenn die letzten zwei Bits des voran- 
gehenden 15-Blt-Codeworts 01 sind, (C) Auswah- 5S 
len eines mit 00 Oder 01 beginnenden 15-Bit-Code- 
worls, wenn die letzten zwei Bits des vorangehen- 
den 15-Bit-Codeworts 10 sInd, und (D) Auswahlen 


eines mit 00 oder 10 beginnenden 15-Bit-Code- 
worts, wenn die letzten zwei Bits des vorangehen- 
den 15-Bit-Codeworts 11 sInd, 

4. Verfahren zur digitalen Modulation nach Anspruch 
1, bel dem der Schritt des Auswahlens eines der 
zwei 15-Bit-Codew6rter folgendes umfaBt: 

Bestlmmen eines Steuerwerts zum Wert der di- 
gitalen Summenanderung am letzten Bit jedes 
1 5-Blt-Codeworts sowie eines reellen Werts 
des Werts der digitalen Summenanderung am 
letzten Bit jedes 15-Bit-Codeworts, und Aus- 
wahlen eines der zwei 15-Blt-Codew6rter im 
ausgewahlten Codepaar auf Grundlage des 
bestimmten Steuerwerts fur den Wert der digi- 
talen Summenanderung und des reellen Werts 
des Werts der digitalen Summenanderung; 
wobei der Steuerwert fur den Wert der digitalen 
Summenanderung einen Sollwert fur die dlgi- 
tale Summenanderung reprasentiert, der sich 
perlodisch andert. 

5. Verfahren zur digitalen Modulation nach Anspruch 

4, bei dem der Bestimmungsschrltt folgendes um- 
faBt: EInstellen der Differenz zwischen dem Steu- 
erwert des Werts der digitalen Summenanderung 
am letzten Bit eines aktuellen 15-Bit-Codeworts 
und des Steuerwerts des Werts der digitalen Sum- 
menanderung am letzten Bit des nachsten 15-Blt- 
Codeworts auf einen von mehreren vorgegebenen 
Werten, und Einstellen der Differenz zwischen dem 
reellen Wert des Werts der digitalen Summenande- 
rung am letzten Bit des aktuellen 15-Bit-Codeworts 
und dem Steuerwert am letzten Bit des aktuellen 
1 5-Blt-Codeworts In einem vorbestimmten Berelch. 

6. Verfahren zur digitalen Modulation nach Anspruch 

5, bei dem der Schritt des Auswahlens eines der 
zwei 1 5-Bit-Codew6rter folgendes umfaBt: Aus- 
wahlen eines der zwei 15-Bit-Codew6rter in solcher 
Weise, daB die Differenz zwischen dem reellen 
Wert des Werts der digitalen Summenanderung am 
letzten Bit des aktuellen 1 5-Bit-Codeworts und dem 
Steuerwert des Werts der digitalen Summenande- 
rung am letzten Bit des nachsten 15-Bit-Codeworts 
In einem vorbestimmten Berelch llegt. 

7. Verfahren zur digitalen Modulation nach Anspruch 

5, bei dem der vorbestlmmte Wert -1 , 0 und +1 um- 
faBt und der vorbestimmte Berelch nicht klelner als 
-1 und nicht groBer als 2 ist. 

8. Verfahren zur digitalen Modulation nach Anspruch 

6, bei dem der vorgegebene Bereich nicht klelner 
als -2 und nicht groBer als +3 ist. 

9. Vorrlchtung zur digitalen Modulation zum Umset- 
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zen einerS-Bit-Datenwortfolge in eine 15-Bit-Code- 
wortfolge, mit: 

einer Steuereinrichtung (1) zum Erzeugen ei- 
nes Steuersignals zum periodischen Andern s 
des Werts der digitalen Summenanderung am 
letzten Bit jedes 15-Bit-Codeworts; und 
einer Umsetzeinrichtung (2 - 7) zum sequenti- 
ellen Umsetzen, auf ein Steuersignal von der 
Steuereinrichtung (1) hin, jedes 8-Bit-Daten- io 
v\terts in solcher Weise in ein 1 5-Bit-Codewort, 
daB die Anzahl aufeinanderfolgender identi- 
sclier Bits in einer 1 5-Bit-Codewortfolge nicht 
kleiner als 2 und niclit grower als 8 ist; 
wobei die Umsetzeinrichtung (2 - 7) mehrere ^5 
erste Codepaare, von denen jedes ein 1 5-Bit- 
Codewort mit einer Codewort-Digitalsumme +3 
und ein 1 5-Bit-Codewort mit einer Codewort- 
Digitalsumme -1 enthalt, und mehrere zweite 
Codepaare, von denen jedes ein 15-Bit-Code- 20 
wort mit einer Codewort-Digitalsumme +1 und 
ein 1 5-Bit-Codewort mit einer Codewort-Digi- 
talsumme -3 enthalt, erzeugt, sie eines der 
mehreren ersten Codepaare und eines der 
mehreren zweiten Codepaare jedem 8-Bit-Da- 25 
tenwort zuordnet, sie vom ersten und zweiten 
Codepaar, wie sie jedem 8-Bft-Datenwort zuge- 
ordnet sind, eines so auswahit, daf? die Anzahl 
aufeinanderfolgender identischer Bits in einer 
15-Bit*Codewortfolge nicht kleiner als 2 und 30 
nicht gr63er als 8 ist, und sie eines der im aus- 
gewahlten Codepaar enthaltenen zwei 15-Bit- 
Codeworter so auswahit, daB sich der Wert der 
digitalen Summenanderung am letzten Bit je- 
des 15-Bit-Codeworts periodisch andert. 3S 

10. Vorrichtung zur digitalen Modulation nach An- 
spruch 9, bei der; 

das Steuersignal die Differenz zwischen dem 40 
Steuerwert des Werts der digitalen Summen- 
anderung am letzten Bit des aktuellen 15-Bit- 
Codeworts und dem Steuerwort des Werts der 
digitalen Summenanderung am letzten Bit des 
nachsten 15-Bit-Codeworts reprasentiert, und 45 
der Steuerwert des Werts der digitalen Sum- 
menanderung den Sollwert der digitalen Sum- 
menanderung reprasentiert, der sich peh- 
odisch andert; und 

die Umsetzeinrichtung (2 - 7) jedes 8-Bit-Da- 50 
tenworts auf Grundlage der Differenz zwischen 
dem Steuen/vert des Werts der digitalen Sum- 
menanderung am letzten Bit des aktuellen 
15-Bit-Codeworts und dem Steuerwert des 
Werts der digitalen Summenanderung am letz- ss 
ten Bit des 15-Bit-Codeworts und dem reellen 
Wert des Werts der digitalen Summenande- 
rung am letzten Bit des aktuellen 15-Bit-Code- 


worts in ein 1 5-Bit-Codewort umsetzt. 

11. Vorrichtung zur digitalen Modulation nach An- 
spruch 10, bei dem die Umsetzeinrichtung folgen- 
des aufweist: 

eine erste Addiereinrichtung (2); 
eine erste Speichereinrichtung (3) zum Zwi- 
schenspeichern des Ausgangssignals der er- 
sten Addiereinrichtung (2); 
eine zweite Addiereinrichtung (4); 
eine Signalerzeugungseinrichtung (5) zum Er- 
zeugen eines Auswahlsignals auf das Aus- 
gangssignal der zweiten Addiereinrichtung (4) 
hin; 

eine 8-1 5-Umsetzeinrichtung (6); 
eine Ausgabeeinrichtung (6) zum Ausgeben 
der Differenz zwischen dem reellen Wert des 
Werts der digitalen Summenanderung am letz- 
ten Bit des nachsten 15-Bit-Codeworts und 
dem reellen Wert des Werts der digitalen Sum- 
menanderung am letzten Bit des aktuellen 
15-Bit-Codeworts; und 

eine zweite Speichereinrichtung (7) zum Zwi- 
schenspeichern der letzten zwei Bits eines 
15-Bit-Codeworts; wobei; 
die erste Addiereinrichtung (2) das Ausgangs- 
signal der Steuereinrichtung (1), das Aus- 
gangssignal der ersten Speichereinrichtung (3) 
und das Ausgangssignal der Ausgabeeinrich- 
tung (6) addiert; 

die zweite Addiereinrichtung (4) das Ausgangs- 
signal der Steuereinrichtung (1) und das Aus- 
gangssignal der ersten Speichereinrichtung (3) 
addiert; und 

die 8-15-Umsetzeinrichtung (6) eines der 
1 5-Bit-Codew6rter auf G rundlage des eingege- 
benen 8-Bit-Datenworts. des Auswahlsignals 
und des Ausgangssignal der zweiten Speicher- 
einrichtung (7) auswahit und ausgibt. 

12. Vorrichtung zur digitalen Modulation nach An- 
spruch 11 , bei der; 

die signalerzeugungseinrichtung (5) ein erstes 
Steuersignal erzeugt. wenn das Ausgangssi- 
gnal der zweiten Addiereinrichtung (4) einen er- 
sten Wert hat, sie ein zweites Steuersignal er- 
zeugt, wenn das Ausgangssignal der zweiten 
Addiereinrichtung (4) einen zweiten Wert hat, 
und sie ein drittes Steuersignal erzeugt, wenn 
das Ausgangssignal der zweiten Addiereinrich- 
tung (4) einen dritten Wert hat; und 
die 8-15-Umsetzeinrichtung (6) auf das erste 
Auswahlsignal hin ein 1 5-Bit-Codewort mit ei- 
ner Codewort-Digitalsumme von 
1 Oder -3 auswahit, sie auf das zweite Steuer- 
signal ein 1 5-Bit-Codewort mit einer Codewort- 
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Digitalsumme von +1 oder -1 auswahit, und sie 
auf das dritte Steuersignal ein 1 5-Bit-Codewort 
mit einer Codewort-Dtgitalsumme von +3 oder 
+1 auswahit. 

5 

13. Vorrichtung zur digitalen Modulation nach An- 
spruch 11 , ferner mit einer Parallel/seriell-Umsetz- 
einrichtung (8) zum Umsetzen eines von der 
8-15-Umsetzeinrichtung (6) ausgegebenen 15-Bit- 
Codeworts in ein serielles, moduliertes 15-Bit-Si- to 
gnal. 


Revendications 

1. Precede de modulation numerique destine a con- 
vertir une sequence de mots de donnees de 8 bits 
en une sequence de mots de code de 15 bits, com- 
portant les etapes conslstant: 

^ affecter une multiplicity de mots de code de 
15 bits ^ chaque mot de donn6es de 8 bits de 
sorte que le nombre de bits identiques cons6- 
cutifs ne soit pas inferieur a 2 et ne soit pas su- 
perieur a 8 dans la sequence de mots de code 
de 15 bits; et 

^ s6lectionner un mot de code de la multiplicity 
de mots de code de 15 bits affectes a chaque 
mot de donnees de 8 bits de sorte que la varia- 
tion de somme numerique au niveau d'un der- 
nier bit de chaque mot de code de 1 5 bits chan- 
ge periodiquement, dans lequel: 
ladite etape d'affectation consiste a produire 
une multiplicite de premieres paires de codes 
comprenant chacune un mot de code de 1 5 bits 
ayant une somme numerique de mot de code 
de +3 et un mot de code de 15 bits ayant une 
somme numerique de mot de code de -1 , ainsi 
qu'une multiplicite de secondes paires de co- 
des comprenant chacune un mot de code de 
15 bits ayant une somme numerique de mot de 
code de +1 et un mot de code de 1 5 bits ayant 
une somme numerique de mot de code de -3, 
^ affecter une des paires de ladite multiplicity 
de premieres paires de codes et une des paires 
de ladite multiplicity de secondes paires de co- 
des a chaque mot de donnees de 8 bits, et a 
syiectionner une des premiere et seconde pai- 
res de codes affectyes ^ chaque mot de don- 
nees de 8 bits de sorte que le nombre de bits 
identiques consycutifs ne soit pas infyrieur a 2 
et ne soit pas superieur ^ 8 dans la syquence 
de mots de code de 1 5 bits; et 
ladite ytape de syiection consiste ^ syiection- 
ner run de deux mots de code de 15 bits com- 
pris dans la paire de codes syiectionnys de sor- 
te que la variation de somme numyrique au ni- 
veau d'un dernier bit de chaque mot de code 


de 15 bits varie periodiquement. 

2. Procydy de modulation numyrique selon la reven- 
dication 1 , dans lequel ladite ytape de production 
consiste; 

a selectionner des mots de code de 15 bits en 
tant que candidats parmi des mots de code de 
1 5 bits qui remplissent les conditions suivantes: 
(1) le nombre de bits identiques consycutifs 
n'est pas superieur a 7 au niveau d'une partie 
initiale d'un mot de code de 1 5 bits, (2) le nom- 
bre de bits identiques consycutifs n'est pas su- 
pyrieur a 7 au niveau d'une partie finale d'un 
mot de code de 1 5 bits, (3) le nombre de bits 
identiques consecutifs, allant d'un second bit 
jusqu'^ un quatorziyme bit, d'un mot de code 
de 15 bits n'est pas inferieur ^ 2 et n'est pas 
supyrieur a 8, et (4) une valeur absolue d'une 
somme numerique de mot de code d'un mot de 
code de 1 5 bits n'est pas supyrieure a 3; 
ci trier les mots de code de 1 5 bits selectionnys 
en tant que candidats pour former un groupe 
comprenant des mots de code de 15 bits com- 
men9ant par 00, un groupe comprenant des 
mots de code de 15 bits commengant par 01, 
un groupe comprenant des mots de code de 1 5 
bits commengant par 10 et un groupe compre- 
nant des mots de code de 1 5 bits commengant 
par 11 ; 

a trier des mots de code de 15 bits compris 
dans chaque groupe pour obtenir des mots de 
code de 15 bits ayant une somme numerique 
de mot de code de +3, des mots de code de 1 5 
bits ayant une somme numyrique de mot de co- 
de de +1 , des mots de code de 1 5 bits ayant 
une somme numerique de mot de code de -1 
et des mots de code de 15 bits ayant une som- 
me numerique de mot de code de -3, et 
^ produire des premiyres paires de codes com- 
prenant chacune un mot de code de 15 bits 
ayant une somme numerique de mot de code 
de +3 et un mot de code de 15 bits ayant une 
somme numyrique de mot de code de -1 et a 
produire des secondes paires de codes com- 
prenant chacune un mot de code de 15 bits 
ayant une somme numerique de mot de code 
de +1 et un mot de code de 15 bits ayant une 
somme numyrique de mot de code de -3 dans 
chacun des groupes suivants: le groupe de 
mots de code de 15 bits commengant par 00, 
le groupe de mots de code de 1 5 bits commen- 
ganX par 01, le groupe de mots de code de 15 
bits commengant par 10 et le groupe de mots 
de code de 15 bits commengant par 11 . 

3. Procedy de modulation numyrique selon la reven- 
dication 2, dans lequel ladite ytape de syiection 
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d'une desdites premiere et seconde paires de co- 
des consiste: (A) a selectionner un mot de code de 
15 bits commengant par 11 ou 01 lorsque les deux 
derniers bits d'un mot de code de 1 5 bits precedent 
sont 00, (B) a selectionner un mot de code de 15 
bits commengant par 1 1 ou 1 0 lorsque les deux der- 
niers bits d'un mot de code de 15 bits precedent 
sont 01. (C) a selectionner un mot de code de 15 
bits commengant par 00 ou 01 lorsque les deux der- 
niers bits d'un mot de code de 15 bits precedent 
sont 1 0, et (D) a selectionner un mot de code de 1 5 
bits commengant par 00 ou 10 lorsque les deux der- 
niers bits d'un mot de code de 15 bits precedent 
sont 11. 

4. Procede de modulation numerique selon la reven- 
dication 1 , dans lequel ladite etape de selection de 
Tun desdits deux mots de code de 1 5 bits consiste: 

a determiner une valeur de controle de varia- 
tion de somme numerique au niveau d'un der- 
nier bit de chaque mot de code de 15 bits et 
une valeur reelle de variation de somme nume- 
rique au niveau d'un dernier bit de chaque mot 
de code de 1 5 bits et a selectionner Tun de deux 
mots de code de 15 bits compris dans la paire 
de codes s6lectionnee sur la base de ladite va- 
leur de controle de variation de somme nume- 
rique determinee et de la valeur reelle de va- 
riation de somme numerique; 
dans lequel ladite valeur de controle de varia- 
tion de somme numerique represente une va- 
leur cible de variation de somme numerique qui 
varie pdriodiquement. 

5. Proc6de de modulation numerique selon la reven- 
dication 4, dans lequel ladite etape de determina- 
tion consiste a selectionner, pour une difference en- 
tre une valeur de controle de variation de somme 
numerique au niveau d'un dernier bit d'un mot de 
code de 15 bits courant et une valeur de controle 
de variation de somme numerique au niveau d'un 
dernier bit d'un mot de code de 1 5 bits suivant, une 
valeur parmi des valeurs pred6terminees et a se- 
lectionner, pour une difference entre une valeur 
reelle de variation de somme numerique au niveau 
d'un dernier bit d'un mot de code de 1 5 bits courant 
et une valeur de controle au niveau d'un dernier bit 
d'un mot de code de 1 5 bits courant, une valeur se 
situant dans une gamme predeterminee. 

6. Procede de modulation numerique selon la reven- 
dication 5, dans lequel ladite etape de selection de 
I'un de deux mots de code de 15 bits consiste a se- 
lectionner I'un desdits deux mots de code de 1 5 bits 
de sorte qu'une difference entre une valeur reelle 
de variation de somme numerique au niveau d'un 
dernier bit d'un mot de code de 15 bits courant et 


une valeur de controle de variation de somme nu- 
merique au niveau d'un dernier bit d'un mot de code 
de 15 bits suivant se situe dans une gamme prede- 
terminee. 

5 

7. Procede de modulation numerique selon la reven- 
dication 5, dans lequel ladite valeur predeterminee 
comprend -1 , 0 et +1 et les limites de ladite gamme 
predeterminee ne sont pas inferieures ^ -1 et ne 

10 sont pas superieures a 2. 

8. Procede de modulation numerique selon la reven- 
dication 6, dans lequel les limites de ladite gamme 
predeterminee ne sont pas inferieures a -2 et ne 

f5 sont pas superieures a +3. 

9. Appareil de modulation numerique pour convertir 
une sequence de mots de donn6es de 8 bits en une 
sequence de mots de code de 1 5 bits, comportant: 

20 

des moyens de commande (1 ) pour generer un 
signal de commande pour modifier periodique- 
ment une variation de somme numerique au ni- 
veau d'un dernier bit de chaque mot de code 

25 de15bits;et 

des moyens de conversion (2 - 7) pour convertir 
sequentieilement chaque mot de donn6es de 8 
bits en un mot de code de 1 5 bits de sorte que 
le nombre de bits identiques consecutifs ne soit 

30 pas inferieur ^ 2 et ne soit pas superieur a 8 

dans une sequence de mots de code de 1 5 bits 
en reponse a un signal de commande en pro- 
venance desdits moyens de commande (1); 
dans lequel lesdits moyens de conversion (2 - 

55 7) produisent une multiplicite de premieres pai- 

res de codes comprenant chacune un mot de 
code de 15 bits ayant une somme numerique 
de mot de code de +3 et un mot de code de 15 
bits ayant une somme numerique de mot de co- 

40 de de -1 , et une multiplicite de secondes paires 

de codes comprenant chacune un mot de code 
de 15 bits ayant une somme numerique de mot 
de code de -i-l et un mot de code de 15 bits 
ayant une somme numerique de mot de code 

45 de -3, affectent une paire de ladite multiplicite 

de premieres paires de codes et une paire de 
ladite multiplicite de secondes paires de codes 
a chaque mot de donnees de 8 bits, selection- 
nent I'une des premiere et seconde paires de 

50 codes affectees a chaque mot de donnees de 

8 bits de sorte que le nombre de bits identiques 
consecutifs ne soit pas inferieur a 2 et ne soit 
pas superieur k 8 dans une sequence de mots 
de code de 1 5 bits, et selectionnent I'un de deux 

55 mots de code de 15 bits compris dans la paire 

de codes selectionnee de sorte que la variation 
de somme numerique au niveau d'un dernier 
bit de chaque mot de code de 1 5 bits varie pe- 
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riodiquement. 

10. Appareil de modulation num6rique seton la reven- 
dication 9, dans lequel: 

ledit signal de connmande represente une dif- 
ference antra una valeur de controle da varia- 
tion de somme numerique au niveau d'un der- 
nier bit d'un mot de code de 15 bits courant et 
une valeur de controle de variation de somme 
numerique au niveau d'un dernier bit d'un mot 
de code de 15 bits suivant, et ladite valeur de 
controle de variation de somme num6rique re- 
presente une valeur cible de variation de som- 
me numerique qui change perlodiquement; et 
lasdits moyens da conversion (2 - 7) convertis- 
sent chaque mot de donnees de 8 bits en un 
mot de code de 15 bits sur la base d'une diffe- 
rence entre une valeur de controle de variation 
de somme numerique au niveau d'un dernier 
bit d'un mot de code de 15 bits courant et une 
valeur reelle de variation de somme numerique 
au niveau d'un dernier bit d'un mot de code de 
15 bits courant. 

11. Appareil de modulation numerique selon la reven- 
dication 10, dans lequel lesdits moyens de conver- 
sion comportent: 

des premiers moyens d'addition (2); 

des premiers moyens de maintieri (3) pour 

maintanir temporairamant una sortie desdits 

premiers moyens d'addition (2); 

des seconds moyens d'addition (4); 

des moyens de generation de signal (5) pour 

generer un signal de selection en reponse ^ 

une sortie desdits seconds moyens d'addition 

(4); 

das moyens da conversion 8-1 5 (6); 
des moyens de sortie (6) pour delivrer une dif- 
ference entre une valeur r6elle de variation de 
somme numerique au niveau d'un dernier bit 
d'un mot de code de 15 bits suivant et une va- 
leur r6elle de variation de somme numerique 
au niveau d'un dernier bit d'un mot de code de 
1 5 bits courant; et 

des seconds moyens de maintien (7) pour 
maintenir temporal rement les deux derniers 
bits d'un mot de code de 15 bits, dans lequef: 
lesdits premiers moyens d'addition (2) addition- 
nenl une sortie desdits moyens de commande 
(1), une sortie desdits premiers moyens de 
maintien (3) et une sortie desdits moyens de 
sortie (6); 

lesdits seconds moyens d'addition (4) addition- 
nent une sortie desdits moyens de commande 
(1) et une sortie desdits premiers moyens de 
maintien (3); et 


lesdits moyens de conversion 8-15 (6) selec- 
ttonnent et delivrent I'un desdits mots de code 
de 1 5 bits sur la base d'un mot de donn6es de 
8 bits introduit, dudit signal de selection et d'une 
5 sortie desdits seconds moyens de maintien (7). 

12. Appareil de modulation numerique selon la reven- 
dication 11, dans lequel: 

10 lesdits moyens de generation de signal (5) ge- 

nerent un premier signal de commande lors- 
qu'une sortie desdits seconds moyens d'addi- 
tion (4) constitue une premiere valeur, g^nerent 
un second signal de commande lorsqu'une sor- 

15 tie desdits seconds moyens d'addition (4) cons- 

titue une seconde valeur, et generent un troi- 
sieme signal de commande lorsqu'une sortie 
desdits seconds moyens d'addition (4) consti- 
tue une troisieme valeur; et 

20 lesdits moyens de conversion 8-15 (6) selec- 

tionnent un mot de code de 15 bits ayant une 
somme numerique de mot de code de -1 ou -3 
an r6ponse audit premier signal de selection, 
selectionnent un mot de code de 15 bits ayant 

25 une somme numerique de mot de code de +1 

ou -1 en reponse audit second signal de com- 
mande, et selectionnent un mot de code de 15 
bits ayant une somme numerique de mot de co- 
de de +3 ou +1 en reponse audit troisieme si- 

30 gnal de commande. 

13. Appareil de modulation numerique selon la reven- 
dication 11, comportant en outre des moyens de 
conversion parallele/serie (8) pour convertir un mot 

35 de code de 1 5 bits d6livre par lesdits moyens de 
conversion B-15 (6) en un signal moduli de don- 
nees serie de 15 bits. 
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